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ABSTRACT

The T-33A aircraft is a tandem two place single
engine turbojet powered aircrafc which is utilized
as a basic trainer and as a combat readiness trainer
throughout the Air Force. The standard configu-
ration includes two 230 gallon tip tanks. This per-
formance evaluation was required as a result of
a recent command review of the T-33A Flight
Manual. The total flight time required for the two
aircraft tested was 31:45 hours during the period
3 Decembe: 1960 to 17 January 1961. Indications
were that the performance data as presented in
the Fight Manual was not accurate, Aircraft engines
in service presumably had suffered thrust deteri-
oration as a result of many years of service. Thus,
the purpose of this test was to evaluate the per-
formance of a r-y:esentative T-33A aircraft with
an average thrust engine and to determine the cause
for the variation in performance berween aircraft.
To this end, the most representative, instrumented
T-33A possessed by the USAF Experimental Flight

Test Pilot School was selected. For comparison
purposes additional tests were performed on an
aircrafc having a low thrust engine.

Test results show a 10 percent variation in
installed thrust which could cause even larger
percentage variations in take-off and climb perform-
ance. The cruise and endurance pe-formance is
relatively unaffected by the thrust variations ani
engine lite. The greatest cause of thrust viriatirc
is not attributed to the deterioration of the engine
with service life, but rathe:. ‘o e broad ihirust
limies allowed after overhau! of the engine and
to variations of .:im rrn in flight. Low exhaust
gas twmperatures (below 685 uegrees C) may indi-
cete a low thrust engine; however, posiiive cor-
relatic. of this point was not established.

The installation of a standara travel pod reduces
the climb performance slightly and has a negligible
effect on the take-off and cruise performance. How-
ever, the cruising speed with the 'ravel pod must




be reduced from tha: of the standard tip tank
configuration by .03 Mach number at all altitudes
to achieve the same performance.

With a few exceptions the test and Flight Manval
performance data compare favorably for the rep-
resentative aircraft tested. The Flight Manual take-
off data is optimistic by 16 to 24 percent, while
the descent data examined is pessim istic by approxi-
mately 75 percent. The Flight Manual cruise and
climb performance compares favorably at low alti-
tudes, but is slightly optimistic at high altitudes.
Insufficient descent and landing data is presented
in the Flight Manual.

The T-33A aircraft, having been designed and
built under early design stand...is and specifications,
does not have cockpit features which are consistent
with modern specificaticas. If it is to be used to
train pilots to fly modern aircraft, certain chanyges
should be made as noted in the recommendations
so~tion of this report. In addition, certain cockpit

features also noted constitute a flight hazard and
should be corrected.

The Flight Manual places sideslip restrictions
on the aircraft when carrying a travel pod. A
qualitative investigation of the sideslip character-
istics of the T-33A aircraft with travel pod inswelled
was performed at the request of Sacramento Ai:
Materiel Area. Full rodder sideslips ia both che
power approach and cruisc configurativas show
no adverse characteristics atuibutable to the tavel
pod. Therefore, it is recommended the siiuslip re-
strictions for the aicraft with cravel pd inscalled be
the same as for the ancraft with tip tanks installed.

An cagine thrust evaluauon, designed o show
the veriation in c.yne thrust caused by changing
some of the critical engine components as allowed
by the overhaul specifications, is being conducted.
This data is not available at this time and the resules
of these tests will be reported in an addendum to
this report.
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INTRODUCTION

This report represents the results of performance
tests conducted on T-33A-5, USAF No. 52-9846.
The flight program was conducted at the Air Force
Flight Test Center, Edwards Air Force Base, Cali-
fornia, and consisted of 15 flighes and 28:30 flight
hours during rthe period from 3 Lecember 1960 to
17 January 1961. Two additional flights for a total
of 3:15 hours were flown on T-33A, USAF No.
51895 which had low installed static thrust.

The “"-33A aircraft, manufactured by the Lock-
ket Aircrafc Company, is a two place tandem
cockpit, single turbojet powered aircraft that is
utilized by Air Training Command as 2 basic trainer

and by other Air Force commands os a combat
readiness trainer. At the beginning of the test the
test air frame had accumulated 2180 flight iours,
and the engine had 66 total flight hours sirce last
overhavl. The aircraf« ‘nd engine total flight hours
are considered representative of the aircraft pres-
ently in service throughout the Air Force.

The aircraft was flown with two 230-gallon
centerline tip tanks installed. The gross weight
with full fuel was 15,280 pounds with a mid-cent.r
of gravity location. Three :.aissions were flown with
an external travel pod which adds 30 pounds when
capty.




The data from the program was obtained to check
the Flight Manual data and to determine any decay
of performance wiidle carrying an evtern.) travel
pod. An investigation was also conducted to de-
termine engive performance variation with cngine
life. Thrust stand runs were conducted on seven
different T-33A aircraft which had 66 to 326
engine hours since last overhaul.

An engine producing low gross thrust was re-
moved and tested in the power plant test cell. Since
overhaul tolerances on the J33-A-35 engine allow

n wide variation in size of various critical compo-
nents, the test engine was overhauled and is being
tested at the high and low values allowed by the
engine specification. This is being done to deter-
mine the probable variation in thrust of the cagies
in service. Results of thew: tests will be reported
in an addendum report when available.

All tesi data gained during the program was
provided to Lockheed A.irciaft Corporation as it
became available. Final plots were forwarded ro the
contractor on 3 Februarv 1061,

TEST RESULTS

cockpit evaluation

Because of the service life of the T-33A aircraft
and its projected utilization time, only safety of
flight items and other discrepancies which can be
tusily accomplished to conform with HIAD are
considered.

Safety of Flight ltems

The present ejection system is unsatisfactory. It
does not provide ground level escape at take-off
and landing speeds, and it does not provide positive
seat separation at any altitude. The extreme tight
fit of the SA-17 parachute in the present ejection
seat may prevent or delay pilot separation from the
seat during ejecrion. In view of recent ejection
fatalities attributed to the failure of the seat to
separate, it i; recommended that a positive auto-
matic seat separation device be provided immedi-
ately and chat a ground level ejection syscem be
incorporated in the aircraft as soon as possible.

The locations of the starter, ignition, airstart, fuel
sequence, battery oenerator and de-icing switches
are unsatisfactory. ‘Uheir secluded locations and
illogical groupings are such as to cause undue cffort
and motions to perform normal and emergency

procedures, These switchus are located in separate
parts of the cockpit and are positioned such that
they are obscured by the canopy rails, throttle aad
flap switch, making their identification and actua-
tion difficult. Identification and operation of these
switches during night or heavy weather is more
difficult. For instance the engine normal starting
sequence, in addition to the throttle movemeant,
requires four switch actuation motions in various
locations in the cockpit. The airstart sequence is
equally as complicated with regards to motions
and can be dangerous during periods immediately
after take-off or during darkness. It is recommended
that these switches be grouped according to func-
tion in an easily accessible location in the cockpit,
and that the number of switch a- 1ations be reduce:
to a miniwin Sspeaialiy tor emergency procedur..

The T-33A aircraft having, been designed and
built according to early desigu swandards ard speci-
fications does not have cuotpit features chat are
consici~nt with modern specific itions. If this air-
craft is to be used to train pilots to fly modern
aircrafs -¢ cockpit lighes and color coding of the
controls should be consistent with presen: day
HIAD specifications. In this light the rollowing
discrepancies are noted:

“




1. A large number of cockpit indicator and warn-
ing lights are incorrectly color coded. Red lights
should be reserved for warniag of catastrophic
cvents such as fire warning, canopy unsafe, etc.
Amber {ights should be used for warning of items
requiring corrective action by the pilot such as
fuel scquencing. elecerical power failure, etc. Green
lights are used to signify satisfactory operation of
the system concerned. The following cockpit lights
should be changed from red to amber:

1. ‘Tip tank low pressure warning light.

. Main wing tank low pressure warning light.
Leading cdge tank low pressure warning light.
Fuselage tank ieserve low warning light

Fuel filter ice warning light.

ATO indicator light.

Turn and slip indicator warning light.

Gyro insti uaiviae waraing light.

-0 oo
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2. The ejection seat handles, canopy jettison “T"
handle, tip tank jettison handles and the bomb salvo
button background a.e improperly color coded.
HIAD C, 2-2.5.10.1 requires thar they be painted
orange-yellov with black stripes.




3. The fuselage tank switch indicator light <hould
he changed from amber to green.

i. The jrovision 1o. a master caution light wad a
caution panel, instead of the various advisory lights
scattered  throughout the cockpit, would greatly
facilitate the pilou identification of a situation. The
installation of a panel wot ld reduce the time in-
wlved to identify the light, especially st night
time,

5. The present fire, overheat and canopy warning
lights should be replaced with the rectangular
legend lights presently utilized in more modern
aircrafe. riiis type of light provides positive iden-
tification of the malfunctions but will not blind

the pilot during night or instrument conditions
as does the present light, The take-off trim position
light should also be replaced with this type of light,

6. The movement of the frzat cockpit interphone
control box forward to the vacant position just aft
of the thrortle fuadrant would facilitate pilot
switch actuation,

7. The fuel ovethoard vent light is not dimmable
and, therefore, (-ods n &V 20 the pilor if illueinared

at night or during instrument conditicus. This lighe
is frequently actuated at the start of steep descents
utilized Jduring instrument flying conditions. The
light should be replaced with one that is dinvmable.




B ground handling

Visibility during all ground handling operations
from the front cockpit is satisfactory while the
rear cockpit forward visibility is restricted.

Directional control is provided by asymmerric
braking and results in a turning radius that is
considerably larger than that found for a similar
aircraft equipped with nose wheel steering. A
complete stop after a sharp turn can often result
in a cocked nose wheel. Brake pedal forces nrd
deflections are satisfactory.

Idle power is sufficient to maintain the proper
taxi speed once the aircraft is rolling. The use of
hrakes in turning a sharp corner will require the
addition of powrer -5 chrain the original taxi speed.

Taxiing the aircraft with the canopy open can
result in a rapid directional oscillation of the can-
opy which is transmitted to the cockpit instrument
panels. The vibrations and noise associated with
this oscillation are annoying. The vibration can be
eliminated by changing the canopy position or
placing the canopy in the fully closed position,

take-off performance

The take-off sequence is initiated by stabilizing
at 80 percent and releasing brakes after engine
instruments are checked for satisfactory operation;
power is then immediately increased to military.
All take-offs we:re made using 30 degree flaps. Direc-
tional control is maintained with brakes up to 50
knots 1AS at which timc the rudder becomes effec-
tive. Directional control is then maintained with
rudder and ailerons when required. Nose wheel
lift-off is initiated at 85 knots and the aircraft
rotated to the take-off attitude at 10 knots below
take-off airspeed.

i he aircraft can be lifred off the runway at an
indicated speed of 107 knots but is subject to air-

frame buffet and reduced control effectiveness. The
recommended Flight Manual speeds of 120 knots
for normal take-off and 115 knots for minimum
ground roll are satisfactory.

The gear was left in the extended position until
passing through an altitude of fifty feet at which
time the gear retraction cycle wes init;ated. The flap
retraction was initiated at 140 ku-.ts and the aircrafc
~"owed to accelerate while muinw: aug a slehe
climb angle.

The Flight Manual take-off data for the T-33A
is optimustic for both the ground roll at.d the total
distance to clear 50 feet. T!.. ground roll distance
for sea level standard day coadicions at a brake
release weight of 14,900 pounds and a lifc-off indi-
cated airspeed of 120 knots results in a ground run
of 3890 feet. The Flight Manual data indicates a
ground run of 2900 feet under the same conditions.
The Flight Manual total distance to clear a 50 foot
obstacle at an indicated airspeed of 135 knots is
4450 feet. Test value to clear a 50 foot obstacle at
the same indicated airspeed is 5180 feet or more
than 16 percent in excess of the value given in the
Manual.

Ground roll distances and total distance to 50
feet with the external travel pod inscalled ace iden-
tical to the standard configuration. No extra allow-
ance need be given when planning a take-off with
this configuration.

Take-off performance with a low thruw ongine
results in take-off distances that are <lightly greater
than those required with an average inrust engine.
Ground roll with the low thrust engine is increased
by 150 vo 206 feet and il distance to 50 feet is
increased by 150 to 300 feer, depending on the
speed at take-off and at 50 feet.

LR




Take-uf] data is presented in Figure 1, Appendix |
and iv summarized 1 the following table:

TAXER-OFPF
PERFORMANOE
Sea lovel standard day — Bress wi — 14,500 povnds-Flaps 34° —
2230 Ral. tip tanks
Toho-0% — Knots wet-- M
" ua i
1 " 12
12 . s
*Recommonsied

H climb performance

The climb performance of the T-33A aircraft is
adequate for its mission. The military and normal
rated power climb performance contained in the
Flight Manual is slightly conservative at altitudes
below 35,000 feet but is optimistic above this alti-
tude. Acceleration and climb tests indicate that
climbing the aircraft at speeds higher than the
Flight Manual recommended schedule will require
the same time and fuel to reach any given altitude
but will give slightly better range. Partial fuel
loads in the tip tanks (GO gallons) increase the rate
of climb by 350 feet per minute over that for the
aircraft with full tip tanks. The addition of the
standard travel pod does not greatly reduce the
climb performance if the climb schedule recom-
mended in the Flight Manual is used. Climbing the
aircraft at higher than Flight Manual recommended
speeds with the travel pod installed results in a rate
of climb reduction of approximately 150 feet per
minute at all altitudes. Low inscalled thrust does
not significantly reduce the climb performance if

Totel Dlotime

the low and high thrust engines can be operated
at the same (100 percent) engine spced. However,
engines in the field operate at speeds that vary kv
as much az 2 peecen: cousing a 360 o 500 feet per
minute variation in climb perfurmance.

The climb is entered after i ucceleration from
take-off to the initial c!ii.r schedule. Th:: aircraft’s
nose is rotated upward at approximately ten knots
below the desired climb speed and the schedule
muinained by ‘aidally reducing the indicated air-
speed two knots per thousand feet.

Acceleration and sawtooth climb tests, own to
determine the best climb schiedule, indicate that
the aircraft should be climbed at higher speeds than
are recommended in ihe Flight Manual. However,
initial climb tests were flown at too high a speed
and a sligntly slower schedule, lying Liiween the
test and Flis it Manual schiedule, is recommended.




The following table summarizes the data presented
in Figures 2 thru 4, Appendix [ for the three climb
schedules flown:

OLIMBD SONEDULES

Mtitado — Pt Plight Monusl — ¥, Rosexmonded — V. Tot =¥,

st m ™ 2008
5,000 m i 28
10000 m™ m ms
15,065 M » T
20,000 m ™ T
B m m 1
»m 2 m -]
e » " M
400 n " L
“"m " 182 s
2 18 L] e

Test climbs flow'n ar the kigher speed schedule
indicate that greater rangc s obtained fur the air-
craft with tip tanks inscalied. There is no significant
change in the time to climb or fuel useq but the
increased speed gives a 10 nautical .l increase iis
range when climbing to 40,000 feet. T!is climb
schedule should be used as an alternate if raximum
range is desired. ince the recommended Flight
Manual climb schedule is easy to folicw and resuits
in comparable performance, no che e 1u the Flight
Manual schedule is proposed. Climb data for all con-
figurarion and schedules tested is presented in Fig-
ures 5 through 9, Appeadiv 1. The following cable
summarizes the test data obtained with 2.230
gallon tip tanks installed and compares it with the
data from the Flight *janual.




MILITARY PG VER OLIMB PERFORN ANCE
WITH TWO 230 OALLON TIF TANKS

Rate of Climb  Time to Climb Distance Traveled  Fuel used

Altitude — Ft Ft/Min  from SL— Min Noutical Miles from SL — Lbs

FLIGHT MANUAL CLIMB SCHEDULE

10,000 2810 33 150 40

40,000 1880 3 340 4

30,000 1% 142 L)) m

40,000 400 73 1300 1%
RECCMMENDED OLIME SOHEDULSE

19,000 2610 2 13 W

20,000 1800 15 409 48

30,000 1180 42 04 m

40,000 L 23 1008 128
PLIGHT MANUAL DATA®

10,000 280 35 19

20,000 1000 4 )

30,000 110 1188 e

40,008 418 24 1
T e

Climbs performed with 60 gallons in each tip
tank resulted in a 350 feet per minute increase in
rate of climb over the full tip tank condition at
altitudes up to 30,000 fees. Above this altitude, the
difference reduces to 250 feet per minute at 43,000
feet. This data is presented in Figure 5, Appendix L.

The addition of a standard external travel pod
reduces the climl ;c:formance by less than 100
feet per minute at all altitudes when the Flight
Manual climb schedule is used. Climbing at kigher
than Flight Manual speeds with the travel pnd does
not improve the range like it does for the aircraft
without a travel pod. Therefore, the Flight Manual
recommended climb schedule should always be
used when the travel pod is carried. The follo~ing
table summarizes the climb performance for the

configuration with 2-230 gallon tip tanks Ji.d th
external travel pod, Figure 4. Appendix I. The
Flight Mar.ual data shows 20 d°irece in per{orm-
ance when carrying th~ travel pod, thus csusing
it to be very optimisiic a¢ hugh altitude. The serv-
ice ceiling when carrying the ravcl pod is 42,300
‘eet while rhe Flight Manual data indicates a value
of 44, uv feet.

The thrust of engines in service can be low be-
cause of low full throttle rpm in flight or because
of low rated thrust after overhaul. Engines that are
trimmed to produce rated rpm on the ground gen-
erally operate at rpms from zero to one percent
higher during flight. This, in addition to the varia-
tions in rated thrust after overhaul can cause sig-
nificant changes in the climb perforr:-ance. Figure 9,




MILITARY PC NER OLIME PERFORMANGE
WITH TIP TANKS AND TRAVEL PODS

Rato of Climb  Timo to Smb  Bistonce Troveled  Fuel veed

Altitude — Ft Ft/iin  fromSL—Min  Nautical Miles irom 8L —Lbs

PLIGHT MANUAL OLIMBE SONEDULE

10,002 0% 3 149 m

20,065 1 13 ) m

20,00 10 48 1T ™

40,000 M0 0 19 1"
THSYT CLIMD SOMNEPVLE (MMOMNER SPFPBED)

10,000 an 1] 18 T

20 1120 o a9 “

230,000 110 184 " (]

0990 m ) 1% 139
PLIOHTY MANUAL DATA® -

10000 2 1) 10

2,00 1000 " ne

% 110 1) 1)

[T " 04 1549
fo - Tl

Appendix I, shows the climb performance corre-
sponding to that presented in Figure 5 (previously
tabulated), but with no correction for off-standard
engine operation. This data shows the engine speed
of the low thrust aircraft, which operated at 99.5
percent on the ground, to be somewhatr improved
in the air. However, the increase in engine speed
of +he nripary <ot aircraft over that obtained on
the ground is from 100 to approximately 101 per-
¢ent The resulting effect on the climb performance
is abour 15 percent through the altitude range
checked. When this data is corrected for non-stand-
aiu engine operation the reduction in climb per-
formance of the low thrust aircrafc is hardly notice-
able. It is more apparent at high altitudes but is
less than 50 to 100 fect per minute. \

Normal rated power climbs at 96 percent rpn; on
the Flight Manual climb schcdule sroduced climb
performance that was greater than Fligi. Aanual
data at 10,000 and 20,000 feet, and l:<s than the
Flight Manual dzsa at 30,000 and 35,000 fc>t. The
total time to climb from sea level to 35,000 fcut weas
2.4 minutes less tha- the value given in the Flight
Manual and covered a distance that was 16 nau-
tical miles shorter. The service ceiling of 41,500
feet given by the Flight Manual is very optimistic
as compared to the 38,300 feet valuc estimated from
the test data. The following takle summarizes rthe
test and Flight Manual data for normal rated power
Jdimb with -230 gallon top tanks (Figure 7,
Appendix ).




NORMAL RATED CLIMD PERFORMANOSE
WITH TP TANKS

Rato of Ciimb  Vime te Cliwob  Distones Traveled - ool 0ed .

Altitede — Ft Ft/ M

FLIONT HORMAL OLIMD SOHED!I &

10,000 20 49
000 1400 “
XN AL 1w
*033 m %8

FLIGHT MANUAL BATA®
10000 1

%08 i na
o L
6,888 s

. S W

e

The climb charts presented in the Flight Manual
are difficult to interpret and require an excessive
amount of time to obtain the presented data. It is
recommended that the two charts be combined into
a single chart similar to that ptesented in the Flight
Manual for later model aircraft.

level flight performance

The addition of a travel pod and the variation of
installed thrust from engine to engine has only a
minor effect on the level flight performance of the
T-33A aircraft,
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Maximum level Flipht Shopd:

The maximum levei flight spect' is ceduced by as
litcle as five knots indicated airspeed at mid-altitudes
(25,000 feet) when the travel pod is carried. At
extreme high and lcw- altirustes the travel pod can
cause as much as 15 knots reduct.on in maximum
iprds. Thruse variations berween aircraft cause
less reduction in naximum speed than does the
travel pod. The maximum speed data is presented
in Figure 10, Appendix 1, and is summarized in the
foilowing table.




Cruise performance:

The cruise performance of the T-33A aircraft is
unaffected by either the addition of a travel pod or
by the variations in rated thrust of the engine in-
stalled in different aircraft. However, if the standard
travel pod is to be carried, the cruise speed must be
reduced by about .03 Mach number (approximately
10 a0tz at 35,000 feec) to achieve comparable per-
formance.

A comparison of the test data found in Figures 11

liiiiili
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through 28, Appendix I, with ihat contain.d in the
Flight Manual shows the Flight Manuai to be
essentially correct at altitudes up o 30,000 fect.
Above this altitude the Flight Manuai is about 3
to 4 percent optimistic. This would cause a pilot
planning a wuaximum ranze cross country mission
to be 30 to 40 miles short when cruising at high
altitudes. A summary of the cruise perfo:.nance
found in Appendix I is presented in the following
table.

LB




cnruiss PERFORMANOE
WITH TIP TANKS

w.
10,000 13100 450
23,000 13400 M
%,000 12,706 an
42030 12,500 580

GRUISE PERFORMANCE wiITH
TIP TANKS AND TRAVEL POD

- e
10,000 11,998 Al
2,0 13428

am 1. m

Other unpublished data obtained by students and
staff of the USAF Experimental Flight Test Pilot
School has been presented on the level flight per-
forriance summary plot in Figure 11, Appendix 1,
this data shows excellent correlation with the test
data.

To facilitate the translation of the test data to
numbers familiar to the pilot, Figures 12 through
14, 17 through 19, and 22 through 24, Appendix 1,
have been equipped with double scales, giving
specific range as nautical miles per gallon, fuel flow
ac gollons per hour. .nd engine speed as percent
rpm. While this representation of fuel flow is con-
venient, it is not correct since the engine perform-
ance depends on the heat content per pourd of
fuel and not per gallon. The fuel density of JP-4
is allowed to vary from 6.249 to 6.675 under military
specification; thus, it is possible to have plus or
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minus 2.5 percent variation in cruise performance
from any data which 15 quoted in terms of volu-
metric fuel flow or fuel quantities (NM/Gal or
Gal/Hr). Since JP-4 in recent years runs closer 0
6.35 1b/gai, this value buda btk used to cieate the
volumetric fuel tow scales found in this report.

Endurance Performance:

The endurance performarce’ of the T-33A air-
craft it best at about 25,000 feet nd 170 knots 1AS.
The performance above 25,000 rect is only slightly
reduced Lat below this altitude the performance is
reduced significantly. The speed for best endurance
is about 151 knots IAS at low altitude and increases
0 179 knots IAS at 42,000 feet. The endurance per-
formance is found in Figures 12 through 15, Ap-
pendix 1, and is sum.marized in the tollowing table.

‘Endurance, defined 23 the maximum flight fime possible with a giv-
quwl;:m of fuel is directly propertionsl to tm’vmmr.vm-.e nrl:u'h:

Wby H




ENDURANZRE PERFORM" 40K WITH TIP TANKE
WITH OR WITHOUT TRAVEL POD

Calibrated
Altitude Wolght Mach Alropast
Ft Lbs Ne. Knets
10,000 13,780 218 151
25,000 13400 AN 170
36,000 12,700 348 76
42,000 12,500 834 1m
NOTE: Lven though the morimumn saéirstet o b nu“ 25,000

Range:

The maximum range of the T-33A aircraft with
tip tanks installed is actained at .68 Mach number
and at as high an altitude and power setting as
possible. This results in a crnise climb which begins
ac 41,000 to 42,000 feet and ends at 46,000 to
47,000 feet with a fuel reserve of 150 gallons. The
distance traveled with the cruise climb technique is
1032 miles, including the distance covered during
a military power climb. An additional 200 miles

RANGE MISSION -
CRUISE CLIME
CONSTANT W/3 = 81,000
TEST RESULYS

Taxi, take-off and accelersts
to climb tpod

Military olimb to ornise
i 41,000 foo

Cruise climb ot 0.00 Mr2: mamber
idie power descont 175 kaets
starting ot 46,000 fost

Fuol romainiag at the sad of
descont to 10,400 foet

0T

Endoranee
Fuel Flow Endursnce Porameter
Sal/ir Min/10 0al W/aIW, Ve
2820 28 "
2008 n .
1.3 LY ] .37
1028 n 57

may be obtuined by using a 175 koot IAS idle
power descent from the end of cruise to 10,000
feet. About 75 gallons of fuel are consumed during
this type of descent. A craise mission of this sort
was flown at a reduced power setting (98 percent
rpm). The data for this mission is presented in
Figure 27, Appendix 1, and is summarized in the
following table.

™ 8 ne DETANCE
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Because of air traffic control restrictions it is often
impossible to use <ruise climb techniques, Y hen
the aircraft is lown at constant altitude, a differ-
ent technique must be used (o realizc the maximum
performance possible at that altitude. As for cruise
climb, the best range for constant altitude cruise is
obtained at the highest altitude attainable to start
the vruise. At 35,000 feec the cotal range including
climb is reduced by 8 percent from that obtained by
cruise climb techniques at higher altitudes.

The cruise climb is accomplished by hclding the
desired Mach number and allowing the gl vz o
increase as fuel is consumed. For cruise at constant
altitude, the Mach number for optimum cruise re-
duces as fuel is used so that the power must be
reduced to hold the proper Mach number at each
gross weight The amount of the decreasc in in-

8 directional stabllity evaluation

At the request of Sacramento Air Materiel Area
an investigation was made of sideslips with the
standard travel pod installed.

Steady state sideslips in the cruise configuration
were performed out to full rudder deflection and
at indicated airspeeds from 190 to 300 knots. The
aircrafc exhibited positive static direccional stabilite
at all speeds and degrees of sideslip tested. Incr.us-
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dicated speed with fuel used may be found in
Appendix A, Part 9 of the Flight Manual which
contains the nautical miles per gallon data. The
reduction for cruise at 30 *n 35.000 feet amounts to
about 5 knots in 1AS for each 150 gallon. of fao!
vsed. It is recommended for «ase of flight planning
that a small table be added to the Nautical Miles
Per Gallon of Fuel charts in Appendix I of the
Flight Manual. The table should show the indicated
airspeed for maximum range of each 100 gallons
of fue! remaining for tl- specified altitude.

A constant altade il missior was fown
using the technique outlined above. ‘ine results
confirmed the test data yielding a total range of
950 miles with a i50 gallon fue! reserve. This daca
is presented in Figure 28, Appendix I, and is sum-
marized in the following table.

ing rudder force and deflection were required for
increased sideslip angles. Dynamiic lateral-direc-
tional stability was tested under the same speeds
and the aircraft was observed to damp in approxi-
mately 4.5 cycles. No adverse charac’ -ristics were
noted for this configuration.

Steady state sideslips in the power approach con-
figuration were performed cut to full rudder de-




flection at 145 and 165 %nots 1AS. The aircraft
exhibited jositive  static  directional  stability
throughout the entire range of sideslips tested, Ex-
cussive buffeting and shight oscillations were en-
countered when over halt rudder deflections were
applied. Past experience has shown that uncoutrol-
lable gyrations can result when a large degree of
sideslip in the power approach configuration is
initiated by a rapid movement of the rudder to
full deflection.

with the trave! pod instailed be the same a« that
with tip tanks 1nsialled. It is further recommended
that the sideslips for all power approach config-
urations be restricted to one half rudder deflection.

The .6 Mach number descent performance con-
tained in the Flight Manual is significantly in error.
Test data shows the time to descend from 35,000
feet at .6 Mach number with speed brakes retracted
is 15.5 minutes and the distance traveled is 101
nautical mi'es. This is almost 72 percent greater
time and 84 percent greater distance than that given
in the Flight Manual. In addition, the Flight Manual

The following table summarizes descent data pre-
sented in Figures 29 and 30, Appendix I,

Brom wetg! 11,969 pousds of IEAND fost

labels the .6 Mach number descent as giving maxi-
mum range. Tests show that descents at any con-
stant indicated asrspeed between 160 and 190 knots
give better range from any altitude below 40,009
fect.

The Flight Manual calls for the use ot speed-
brakes ubove 35,000 feet swhen performing the .6
Mach number descent. This #esults in a decrease in
range. The speed brakes should not be extended
above 35,000 feet during .6 M. .h number descents
Y maximum range is desited. Mo asum rarge s
obtained at 175 knets indicated speed with 1dle
power and speed brakes retracted. In this configura-
tion from 35,000 feet it is possible to cravei 115
miles ia 29.6 minutes with 360 pounds (57 gal.) of
fucl used.

Two descents were made »t 250 knots IAS with
the speed brakes extended. The first was made with
idle power and the second with 85 percent rpm to
provide pressurization and defogging. The descent
performunce is approximately the same above
35,000 feet and differs by 2000 feet per minute at
lower altitudes with the 85 percent rpm giving the
lower rate of descent. It is recommended that data
for these descents be included in the Flight Manual.

- ma
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Fngine-out desconts made while holding cc 1stant
indicated airspeeds of 160 and 175 knots show the
Flight Manual values to be conservative, The table
below compares the engine-out descent data pre-
sented in Figure 31, Appendix [, with that shown
in the Fright Manual.

ENGINE-OUT DESORNT
Cross waight 12,220 paunds ot 40.000 fest

TIME FROM valdhui

40,000 foot to SL TRAVELED

180 knets 0.5 min 100 NM

175 knots 1.0 min 104 NM

180 knots Flight Maa2) Dats - o M

The Flight Manua! recommended speed provides
adequate rpm for restarting the engine and decreases
the time t0 descend without greatly decreasing the
distance traveled. This increases the probability thac

=ttery power will be available at low altitude. The
only instances where a pilot should reduce speed
slightly is where the glide distance to a runway is
marginal and an airstart is not contemplated.

$o0 Lovel — Standerd Day — Average Breas W 31,900 B —

Flags 45° —- 2-230 Galien Tip Tasks
Indiested Alrspoed
ot Touchdown Gronnd
Kaols MR
MODERATE TO HEAVY BRAKING
13 un
19 an
19 N
] an
LIGHT TO MODERATE BRAYING
10 ™
1 o
108 a9
-] 29
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8 landing performance

The recommended procedures and techniques in
the T-33A Flight Manua' are satisfactory for normal
traffic paccern, approach and landizg.

Landing distances pub'i hed for a4 “Hard Stop™
in the Flight Manual are satisfactory in that it
represcats the minimum short field distances pos-
sible wich the aircraft. Additional data shou!ld be
included in the Flight Ma:ual to reflect the landing
distances with pormai techniques and moderate
braking.

The Fligh: Manual recommended precedure fo.
a minimum run landing includes the immediate
retraction of fiaps. Test data indicates that there i«
no noticeable difference under any type of beaking
whether the flaps are feft down or retracted. The
landings on a2 wet or icy runway should bhe made
with the flaps down since the acrodynamic drag will
be greawer than the increase of the braking force on
this type of low friction surface. If no barrier is
available on the landing runway it is to the pilot’s
advantage to leave the speed brakes extended dur-
ing the ground roll. Landings were made using
light, moderate and heavy braking with flaps full
down (100 percem). The table on page 16 sum-
marizes the landing performance presented in Fig-
ure 35, Appendix 1.

indisated Nirspoed
nwn. Tost

Koots Bistanze r¢
9 )4 ]
/- "
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12 e
12 we
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When very hight bruking is utilized the ground
roll is signiteantly inceeasc. With a very light
brakisg and a touchdown speed of 100 knots a 5900
toot ground roll will resule,

engine purformance

One of the objectives of this test program was o
investigate the variations and the causes for varia-
tons ot installed thrusts, and to check for possible
dewerioration in chrust wich engine life. Thy o i
no correlation of thrust with total engine life and
only a small an..unc of correlation exists between
thrust and time since last overhaul. One cngine
(S/IN A-085176) having low installed thrust and
209 hours of operating tume was removed and
checked for .uiid thrust. The thruse deteriotation
was found to be ivss than 100 pounds since overhaul.
'This is fairly reasonable considering that further
inspection revealed a malfunctioning fuel control
and excessive compressor and turbine deformations
that approached the maximum limits.

‘The J33-A-35 Engine installed in the T-33A-5
aircraft is rated at 4600 pounds thrust uninstalled.
When installed in the aircraft this value drops by
approximately 800 pounds. The military power
thrust varies considerably from engine to engine.
The highest installed thrust measured on the seven
aircraft tested was 4275 pounds and the lowest was
3880 pounds. The exhaust gas temperatures (EGT)
varied from 676 degrecs to 720 degrees C. There
is sume correlation between low thrust and low
exhaust gas temperatures but positive correlation
was not established. All high thrusc engines had
high EGT (above 69(. degrees C); however, some
low thrust engines had high EGT'. as well. Thus,
an engine having military power EGT thac is less
than 685 or 690 degrees centrigrade might be sus-
pected of having low thrust and should be checked
unless the take-off and climb performance indicates
utherwise.

The large variation in engine thrusts and conse-
quently aircraft performance is attributed noi to

thrust deterioration but to engine trim and the
broad thruse limits allowed after the engine is over-
hauled. Engines trimmed o 100 percent rpm on
the ground do not always operate at the same spred
in flight. As n ach as one percent increase in engine
speed was experienced in flighe during these tests
and caused significant variations in climb perform.
ance.

Because of the long service life of the ]33-A-35
engine numerous overhauls hs . been accomplished.
This has cavsed consideiable virl "l in the thruse
ouput berween engines, especially since the oniy re-
quirement for an acceptable engine is that it pro-
duce 4600 pounds or uninstalled thruse at eahaust
ga: tenperatures which arc less than 715 degrees
centigrade. J-33 engines have been known to pro-
duce 5200 pounds of thiust withour exceeding the
temperature limits. This constitutes a 13 percent
deviation fron. the rated thrust which can cause a
greater percentage deviation in take-off and climb
performance. In addition, there is no mandatory
overhaul cycle for the engine. This allows some
thrusc deterioration in addition to the broad range
of thrust ratings allowed above the 4600 pound value.
If accurate performance figures are to be presented in
the Flight Manual it is fiest necessary to limit the
maximum as well as the minimum allowable thrust.
It is recommended that thrust after overhaul be
required to fall between 4600 and 4800 pounds, and
that the engine trim be checked periodically on the
ground and in flight to insure that the 100 percent
rpm has not varied significantly. This would limit
the percentage variation in aircraft performance to
a reasonable value,

The specific fuel consumption (pounds of fuel per
hour per pound of thrust) is 1.20 und dn v ot wary
by more than 2 percent between ='scraft.

The tabular ~ummary of the installed *hrust data
presented in Figures 45 through 51, Anpendix I,
along with ensis« overhaul data obtained from
maintenance records, is presented in the following
table.
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During the ground static thrust runs the exhaust
gas temperature system was calibrated. Significant
errors exist in this system except in the limit EGT
range, In most instances the indication is 10 to 20
dcgrees lower than the actual temperature. A good
part of this problem is attributed to the reading
accuracy of the indicator face. A more accurate
and more readable instrument (EGT Indicator
Type M]J-4) is available in Air Force stock and
should be installed to provide better EGT indi-
cation.

The engine start gross weight of the test aircraft
was 15,280 ponnds which compared favorably with
the representative weight of 15,100 pounds given
in the Flight Manual. The take-off center of gravity
was exactly half way between the fore and aft limits.

Since the T-33A aircraft has a fuel counter system
installed in the standard production aircraft, “his
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system was calibrated and used for these tests. The
calibrations showed this system to have less than
1/10 of one percent error for all fuel flow rates.
However, this figure can be misieading because the
counters are a subtractive type which irdicate gal-
lons remaining. It must be presumed tie: the air-
craft are filled co the same lcvel each tim: prio-
to flight. However, if the refuciing crew is hurried
and sufficient time is not slloveed f2- the fucl io
equalize itself between the baffies in the tanks it is
possible to be shor: Sy 30 o 40 gallons. Even during
contro.led conditions it was not possible to fill the
tanks to the same level each time, und the total fuei
capacit; .aried by as much as 10 gallons (60 to 65
pounds).

The capacity of the fuel system was checked
against a calibrated truck and by weighing the air-
craft before and after the refueling operation. The
fuel capacities of the individual tauxs compare fa-
vorably with those given in the Flight Manual. A
tabular summary of this data follows.
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The normal fuel density figure for JP-4 used in
preparation of the Flight Manual is 6.5 pounds per
gallon. Present day fuel densities for JP-4 can run
from 6.249 to 6.675 pounds per gallon. This can
cause a 2 to 2.5 percent variation in aircraft weight,
thus causing some variation in peiformance. Like-
wise, if the fuel density has been reduced it is
anticipated that some change in the heat content of
the fuel has been experienced. Thus, if the hear
content has been reduced the aircraft performance
per pound of fuel is reduced resulting in less range
available. Because of this discrepancy in fuel density
and heat content of the fuel, specific range and fuel
flows quoted in terms of gallons, as in the Flight
Manual, can be in error. Therefore, it is recom-
mended that this fact be explained in the Flight
Manual and thac the Flight Manuai figures be based
on a more representative fuel density. The fuel den-
sity used throughout this report to convert from
gallons to pounds is 6.35 pounds per gailon; how-
ever, this figure may no: he representative Air
Force wide and should be checked before it is ac-
cepted as the basis for the Flight Manual.

airspeed callbration

The position error calibration of the standard
system of the T-33A aircraft is not consisteat. Nu-
merous calibration tests flown during the test pro-

gram show poor repeatability and correlation with
each other. The data presenred in Figure 32, Appen-
dix 1, shows plus or minus 2 knots variation from the
mean with no apparent variations due to Mach ef-
fects. The variation in position error is attributed
to the fact chat the etandard sirspeed system utilizes
a flush source which is very sensitive to small
amounts of sideslip. Since the T-33A does not have
rudde: trim it is not possible to trim to a zero side-
slip condition.

The trend of the calibration is the same as that
given in the Flight Manual except that the corr.c-
tion is more negativc or Lzl speed and more posi-
tive ac low speed.

The airspeed calibration is the same with gear,
gear und flaps, and gear flaps and speed brakes ex-
tended; however, the valves Ic not ~giee with thosc
given in the Fl.ght Manual. The Flight M anual data
shoul{ be rhanged to agree with the {ulormation
given in Figures 02 and 33, Appendix 1.

An airspeed calibration in ground effecc was ob-
tained as part of the take-off and landing tests.
Theodolite Jata was used to determine the true
airspeed. This information was corrected to squiv-
alent and compared r. the indicated sirspeed noted
in the cockpit. This data is presented in Figure 34,
Appendix 1.
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CONCLUSIONS

The T-33A aircraft satisfactorily performs its mis-
sion as a basic trainer and as a combat readiness
trainer. However, certain cockpit discrepancies make
it unlike any aircraft in the present Air Force in-
ventory. If this aircraft is to be used to train pilots
to fly modern day aircraft, its cockpit features should
more closely conform to moders: standards.

The Flight Manual data for the T-33A aircraft
with tip tanks installed is in general agreement with
the test results; however, some discrepancies exist.
The Flight Manual take-off performance is very
uptimistic and must be changed. The Flight Manual
climb and cruise perfor.uance at low and medium
altitudes are satisfactory but are optimistic above
35,000 feet for the climb and above 25,000 for the
cruise. There is insufficient descent daca presented
in the Flight Mar:..! and that which was checked
18 1n error. The landing performance given in the
Flight Manual is satisfactory but does not represent
the distances for normal braking conditions.

Tue installation of a standard travel pod does not
affect the cruise performance of the aircratt if the

cruise speed is reduced by .03 Mach number. The
climb performance with the travel pod is reduced
by approximately 150 feet per minute at all altitudes.
The take-off and landing performance is not affected
by the installation of the travel pod.

Undue sideslip restrictions have been placed upon
the aircraft when cacrying a travel pod. These re-
strictions nced not be more stringent than those {or
the aircraft without the travel pod However, foi
both configurarions the aircrifu should be !lie 3
to one half rudder deflection wideslips in the power

approach configuration.

There is considerabie t»rusi variation between
J33-A.35 engines installed in T-33A aircraft. This
is caused by broad overhaul tolerances and by the
tact that theic is no mandatory overhaul cycle on
the engine. Installed military power thrust varies
from 3880 pounds to 4275 pounds or by 10 percent.
However, the specific fuel consumption is relatively
constani for all engines. This results in variations
ir. take-off, climb and maximum spr-d performance
but has littie effoct on the cruise performance.




RECOMMENDATIONS &5

A. The following safety of dight items are of
sufficient urgency to require immediate action:

1. Provide the ejection system with a positive
pilot-seat separator (page 2).

- 2. Modify the ejection seat to give a ground
level ejection capability at take-off and landing
speeds (page 2).

3. Re-locate the normal starting and airstart
switches to a more accessible position where they
may be easily identified and actuated. Reduce the
number of switch actuations to coraplete a given
operation to a minimum (page 2).

B. The following recommendations arc made to
prevent excessive dhrust variations which cause sig-
nificant performance differences between T-33A air-
crafr in service,

1. Engine trim of all aircrafc in service should
-~ periodically checked both on the ground and
in flight to insure that the 100 percent rpm does
not vary significantly. One percent can account
for as much as 140 pounds of thrust accompanied

by a 400 feet per minute change in the rate of
climb at sea level (page 17).

2. It is recommended that a maximum allow-
able tnrust limit be established at 4800 pounds in
addition to the 4600 pounds minimum thrust
presently required so chat the aircraft perform-
ance will more realistically conform to that which
is published in che Flight Manual (page 17).

3. It is further recommended that a -ealistic
overhaul cycle be established tv prevent «hnormal
thrusc deterioration which results from exces-
sively long periods of operation bec.:een over-
hauls (page 17;.

€. It is recommended that the Flight Manual be
changed to reflect the results of this report. Specitic
areas which require attention are:

1. The take-off data must be revised (page 5).

2. The climb preseniation should be simplified
and the data should be changed to agree with
flight test results. Include travel pui climb dita




in the Flight Mauual (pages 8 through 11).

3. Change the high altitude level flight data.
Revise the cruise climb instructions to reflect a
constant Mach number climb and recuired rpm
cruise. Include instructions for cruising with a
travel pod. Include a table on each specific range
chart to show ilie proper cruise airspeed tur eaun
100 gallons of fuel remaining (pages 11 through
14),

4. Correct .6 Mach number descent data con-
tained in the Flight Manual and add 175 knots
and 250 Lnoss idle and 85 percent rpiun descent
data w rhe Flight Manual (page 15).

5. Include additional landing data for opera-
tional {light to moderate) braking conditions.
The distance required when clearing an obstacle
should be included in the landing presentation
(page 16).

6. It is recommended that all Flight Manual
data be based on 2 more realistic fuel density
which represents the Air Force wide average value
(page 19).

7. No additional sideslip restrictions need be
imposed upon the aircraft when carrying a travel
pod. However, it is recommended that the aircraft
be restricted to half rudder deflection sideslips in
the power approach configuration both with and
without the travel pod (page 15).

D. The following recommendacions should be ac-
complished to improve the cockpit of the T-33A
aircraft and to make it more compatible with the
cockpits of modern day aircraft. These corrections
can be zccomplished bv using agencies with a min-
imus, of cffort.

1. Replace the following warning lights (pres-
ently color coded red) with amber filters (page 3):

. Tip tank low pre-.are
. Main wing tank low pressure
. Leading edge tank low pressure
. Fuselage tank rese:ve iow
. Fuel filter icc
ATO indiatn
. Turn and slip indicator

R ™m0 of g oDp

. Gyro instrument

2, Change the color of the fuselage pumo indi-
cator from amber to green (page 4).

3. Color code the foliowing items orange-
yellow with black striping (page 3):

a. Ejection seat handles

b. Canopy jettison "T" handle

<. Tip tank jettison handles

d. Bomb salvo button background

4. Replace the present fire, overheat, canopy
warning and take-off trim indicator lights with
rectangular legend lights of the type utilized in
later model aircraft (page 4).

5. Provide a dimmable fuel overboard vent
light (page 4).

6. Install a more accurate exhaust gas tempera-
ture indicator to prevent possible over-empera-
ture conditions that can inadvertently cccur with
the present indicators (page 18)

W. The following items shouid be accwnplished
if future Technical Order mwu.lifications are pro-
grammed-

1. Provide a master caution panel to replace
the varicu. warning lights scattered throughout
the cockpit (page 4).

2. Move the front cockpit interphone control
box forward (page 4).
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symbols
and
notations
b Wing Span ft
e Airplane Efficiency Factor -_
F.  Gross Thrust Ibs
F.  Nat Thrust Ibs
M Mach Number

MAC  Mean Asrodynamic Chard ft
P,  Amblent Pressure "Hg
T.  Ambient Temperaturs K
T,  Compressor Inlet To'al Temperature oK
T,  Tutine Discharge Temparature (EGT) ] 4
W,  Grose Wejght Lbs
W, Fuel Fiow Ibs/hr
Vi True Airspeed kts
IAS cr V.. Indicated Airspesd kts
CAS sr V.  Calibrated Airspeed kts
n  Normal Lead Facter [
N Engins Speed RPM
dh/dt  Rate of Climb ft/min
(dh/dt),  Rate of Climb while accelerating ft/min
dv./dH  Climb Schedule Accelerating kts/ft
S, Pressure Ratie P./20.92
8,  Comprasser Inlet Pressure Ratle P.,/2992

A Anincremental Changs of the

Varisble which it precedes

6. Temperatura Ratle T./208.
#,  Compresser Inlet Temperature Rate T,/208.
subscripis

a2 Ambient Conditien
s Standard Day Coenditiens
Test or Stagnation (tetal) conditions

Take-Off Performance:

The take-off perfori.cnie data presented in this
report was measured by AFFTC Photo Theodolite
Facilities and was reduced to sea level standard day
no wind conditions in accordance with the exponen-
trial methods presented in Reference 2. The test
and standard thrust were obtained from the static
thrust run data at appropriate values of corrected

rpm, N/V6,.

24

Static Thrust Runs:

The static thrust mcasurements performed as part
of this test were accomplished on the Edwards
Thrust Stand Facility. ‘1 i e data was reduced to sea
level standard day conditicos inrough ti. use of the
parameters FG/S,, N/V 0,, T,,/0, and W/8,V 0,
Specific Fuel Consumption:

Wi / ]
SFC = ——f __ Fy/
¥ a
aVea 7

Non-Stcudy State Energy Equations

Climbs, descents, accelerations and sawtooth
climbs were reduced by non-steady state techniques
with thc equations being programmed to the 1BM
704 computer. The computer utilizes an increment
method of obtaining rates, where the method of
incrementing is determined by the input cards. The
equations used to compute the unaccelerated rate of
climb is

dh _ . f2.8523 Vi AV; aH [Ta
dt - 6"[’_32 172 E‘ 1"L

climb when accelerating was computed by the fol-
lowing expression

r
dh 2.8523 .
(& ) = 60 |_3?.. 7z ts
AVy _ |avg Ta, |
At 2H At / at _]
AV
where ( — is the acceleration with altitude

required by the desired climb schedule

Thrust corrections were made to the climbs, accel-
erations and sawtooth climbs by means of slopes
taken from the engine munufacturers mode! specifi-
cation, Reference 7. The thrust corrections were
converted into rate of climb by use of the equation

L




OF, Vi, 101.33
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Weight corrections were made by use of the follow-
ing equations:

R/Cthrust =

Effects of Induced Drag

25.33 NTas
Pas Mble

e Wit il;_._ - nsd wp?
—w‘

Effect of weight alone

dh = We - W
AR/Cweight = I;_t t A‘(/Cthrul}—th—'—

The standard rate of climb for accelerations and
sawtooth climbs is

dh
R/Cy = gp ¢ AR /Cihyrust +

AR/Cind drag =

AR/Cind drag + AR/Cweight
for climbs

dh
(37)

at’a + AR/Cghru't +

R/Cq4 =

AR/Cind drag t+ AR/Cweight

for descents

an .
R/D = (ET a. + AR/Dinyg drag
+ AR/Dweigh!
Fuel flow corrections for climbs und accelerations

were based on the slopes of the fuel flow curves
presented in Figures 36, 38 and 40.

No corrections were made for engine overtempera-
ture or undertemperature conditions nor were cor-
rections made for the engine beirg overspecd or
underspeed.

Level Flsght Performance

Stabilized speed power data was obtained
througiiout the speed range by maintaining con-
stant weight pressure parametcr, W/38. The data
was reduced by the methods sutlined in References
1 and 4.

Range

Two range missions were flown utilizing the
cruise climb technique with and without the travel
pod. Another was flown at constant alticude, The
data was instrument corrected but not reduced to
standard day conditions.

Landings

Landing data was obtain~d using the AFFTC
Photo Theodolite Facilities. The data was reduced
to sea level, standard day, no wind conditions ac-
cording to the methods shown in References ! and 5.

Aérspeed Calibration

The calibracior of the ships siandard system
was obtained by the tower fly-by, ground speed
course und pacer metheds. The T-37, F-104, T-33
and 1'-28 pacers were utilized. No effects of total
head loss were noted and all of the error was as-
sumed to be caused by the static system. The data
reduction procedures used are outlined in Refer-
ences | and 4.

The position correction in ground effect was ob-
tained during landings from photo theodolite da‘a
«t the touchdown poinr.
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